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Licence

• These slides are licensed under Creative Commons BY-NC-ND 4.0
(creativecommons.org/licenses/by-nc-nd/4.0)

• Non-commercial use is permitted, but not distribution of modified versions

• Material credited to a source on the slide itself is excepted and remains with its
original owner



Financial Risk Forecasting © 2011-2026 Jon Danielsson · CC BY-NC-ND 4.0 · page 4 of 46

Intro Basel Basel II Basel III ES Under Basel III Stress Testing Model Risk Bib

Introduction
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Roadmap
Statistical properties of market prices

volatility clusters, fat tails, nonlinear dependence

Volatility
multivariate

Volatility
univariate Risk

Value-at-Risk, Expected Shortfall

Implementing
risk forecasts

Analytical
methods for derivatives

Simulation
methods for derivatives

Backtesting risk forecasts

Market risk regulations

Extreme market outcomes
endogenous risk

Practical implementation
data and Python
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The Focus of This Chapter

• The Basel Committee and the regulatory framework for banks

• The evolution from Basel I through Basel III

• The Basel II market risk capital framework

• The Fundamental Review of the Trading Book (FRTB) and the shift to ES

• Stress testing in a regulatory context

• Model risk and its role in regulation
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Banking regulation and the BCBS

• Banks are heavily regulated because their failure can destabilise the entire
financial system

• Regulators require banks to hold capital — their own funds that absorb losses
before depositors or taxpayers are affected

• The Basel Committee on Banking Supervision (BCBS) sets global standards for
bank regulation

• These standards are codified in the Basel Accords — a series of agreements that
have evolved in response to financial crises
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Basel Accords timeline

Basel I (1988) first international capital standards

Market Risk Amendment (1996) introduced internal models for market risk with
99% 10-day holding period VaR

Basel II (2004) revised credit risk framework; internal ratings-based approach,
operational risk capital, three-pillar structure

Basel 2.5 (2009) post-crisis patch adding stressed VaR and incremental risk charge

Basel III (2010) comprehensive crisis response

• There is no official “Basel IV”, the final Basel III reforms are sometimes informally
labelled that way

• Basel III core reforms (capital ratios, leverage, liquidity) have been implemented
since 2013

• The final market risk reforms (FRTB) timeline remains uncertain
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The shift from VaR to ES

• The 2008 crisis exposed fundamental limitations of VaR as a regulatory risk
measure

• The BCBS concluded that the Basel II market risk framework did not capture the
risks it was supposed to

• Within the FRTB (Basel III) internal models approach, 97.5% ES replaces 99%
VaR as the capital measure for modellable market risk
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Key Acronyms

BCBS Basel Committee
FRTB Fundamental Review

of the Trading Book
SA Standardised Approach

IMA Internal Models Approach
IMCC Internal Models

Capital Charge
SBM Sensitivities-Based Method

DRC Default Risk Charge
RRAO Residual Risk Add-On
SES Stressed Expected Shortfall

NMRF Non-Modellable
Risk Factor

PLA P&L Attribution
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Other Reading

• Chapter 11 in Jón Dańıelsson. 2011. Financial risk forecasting. Wiley — accessible,
covers VaR regulations, the Basel framework and backtesting requirements

• Basel Committee on Banking Supervision. 2019. Minimum Capital Requirements

for Market Risk. BCBS 457. Bank for International Settlements — the FRTB
standard; the primary source for the Basel III trading book framework

• John C. Hull. 2023. Risk Management and Financial Institutions. 6th. Wiley —
comprehensive coverage of risk management, regulation, and the Basel framework
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Basel Accords and Committee
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What Is Capital?

• In economics “capital” means productive assets; banking capital is different — it
is a regulatory concept

• It represents the bank’s own funds that can absorb unexpected losses

• What qualifies is set by rule, and the rules differ across jurisdictions

Bank capital is what the regulators choose to call bank capital



Financial Risk Forecasting © 2011-2026 Jon Danielsson · CC BY-NC-ND 4.0 · page 14 of 46

Intro Basel Basel II Basel III ES Under Basel III Stress Testing Model Risk Bib

Why Capital?

• Loss-absorbing buffer against unexpected losses

• Constraint on leverage and credit expansion

• It is not a buffer against expected losses, which should be covered by pricing and
earnings, and by provisions where those apply
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Basel Committee on Banking Supervision (BCBS)

• The BCBS sets global standards for the prudential regulation of banks

• Hosted by the Bank for International Settlements (BIS) in Basel, Switzerland

• Established in 1974; expanded in 2009 and again in 2014; today it has 45 member
institutions from 28 jurisdictions, with Russian participation suspended since 2022

• Its standards are not binding as implementation is left to member jurisdictions via
domestic law

• Overseen by the Group of Central Bank Governors and Heads of Supervision

BCBS standards are widely adopted beyond the member jurisdictions
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Pillar 1 Risk Categories and Book Classification

• The Basel framework rests on three pillars:

Pillar 1 minimum capital requirements

Credit risk risk of loss from borrower default
Market risk risk of loss from changes in market prices
Operational risk losses from inadequate or failed internal processes,

people, systems or external events

Pillar 2 supervisory review
Pillar 3 market discipline and disclosure

Our focus is on market risk, measured primarily in the trading book; FX and
commodity risk on banking-book positions also attracts market-risk capital
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The Trading-Book Boundary

• Banks divide their activities into two books:

Banking book loans and longer-term non-trading positions (primarily credit risk)
Trading book assets held for short-term trading and market-making (primarily

market risk)

• Before the 2008 crisis, the boundary was based on the bank’s intent to trade,
enabling capital arbitrage

• Post-crisis reforms tightened this boundary
• Presumptive assignment rules based on instrument type reduce discretion
• Switching between books requires senior management approval and regulatory

approval
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Standardised vs Internal Models

Standardised approach (SA) the regulator prescribes risk weights, correlations and
formulas; the bank supplies exposures and sensitivities

Internal models approach (IMA) the bank’s own models, subject to desk-level
approval

• Every bank calculates SA; approved and eligible desks may additionally use IMA

• So under IMA the bank’s own model sets its own capital — a lower risk number
means less capital and a higher return on equity

• Internal models matter regardless of capital, for day-to-day risk management and
limits, capital allocation across desks and stress testing
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Basel II
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Basel II Market Risk (Trading Book)

• VaR was popularised in private risk management and later adopted into regulation

• Recall the formal definition and properties of VaR from Chapter 4

• Under the internal models approach, banks are required to measure market risk
with VaR1% with 10-day holding periods

• Regulators quote confidence levels: their 99% VaR is VaR1% in our notation, and
their 97.5% ES is ES2.5%

• Banks are allowed to use the square-root-of-time rule, i.e. measure daily VaR and
multiply by

√
10

• Chapter 4 showed when this fails — regulation permits it anyway
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Market Risk Capital

• Capital is the higher of the previous day’s 1% VaR and the 60-day average VaR

(VaR
1%
t ) multiplied by a supervisory multiplier Mt

Market risk capitalt ≥ max
(

VaR1%
t−1, Mt · VaR

1%
t

)

• The multiplication factor Mt varies with the number of violations, υ1, that
occurred in the previous 250 trading days — the required testing window length
for backtesting in the Basel II Accords
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Traffic-Light Zones

Exceptions (υ1) Zone Mt

0–4 Green 3.00
5–9 Yellow 3.40–3.85
≥ 10 Red 4.00

• Under a correct 99% model exceptions are Binomial(250, 0.01), so yellow has
probability 11% and red 0.025%

• About one correct model in nine is penalised each year
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The case of UBS — bailed out in 2008
UBS (2008)

• $18.7 billion of 2007 losses on US residential-mortgage exposures, roughly
two-thirds from the CDO desk

• The 99% VaR quantile is blind to losses beyond it, which matters for such
extreme-tailed positions, as discussed in Chapter 4

• Risk models were calibrated to a benign historical period, and exposure
aggregation missed the build-up of concentration risk

• Stress testing did not include a US-wide housing downturn scenario

• Senior management and the board received risk reports that understated the
exposure

• The shareholder report identified failures in risk control, risk methodology, and
management oversight
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Basel III
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Why Basel III?

• The failures at UBS were not unique to it, they were general to how Basel II
measured market risk

• The response came in two stages
• Basel 2.5 (2009) was a quick fix, adding stressed VaR and an incremental risk charge

to the existing framework
• The FRTB was the full redesign, with stressed ES, liquidity horizons and stricter

model eligibility

• Basel II was not discarded, the three-pillar structure survived while the market risk
calculation was rebuilt

• Basel III also raised capital ratios and added leverage and liquidity requirements
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Fundamental Review of the Trading Book (FRTB)

• The FRTB is the Basel III overhaul of the market risk framework, finalised
January 2019

• Original effective date: January 2022

• Implementation has been repeatedly delayed across jurisdictions:

EU January 2027
US Timeline remains uncertain

• Banks not qualifying for IMA must use the SA, which for many portfolios
produces higher capital charges
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ES Under Basel III
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From ES to Capital

Measure

97.5% ES

Aggregate

across liquidity
horizons

Stress

recalibrate to a
severe period

Combine

diversified and
undiversified ES,

50/50

IMCC

Determine capital smooth, scale up, add-ons IMCC + SES+DRC
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Measure — 97.5% ES

• The FRTB internal models approach measures risk with 97.5% ES rather than
99% VaR

• The level is calibrated so that the two numbers are roughly equal — under
normality, the coefficients are 2.34 and 2.33

• ES was chosen because it is subadditive, unlike VaR (Chapter 4)

• And because it accounts for the size of losses beyond the quantile, which VaR
ignores — the failure the UBS case showed
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Aggregate — Liquidity Horizons

• Under Basel II, all positions used a single 10-day holding period

• The FRTB replaces it with risk-factor-specific liquidity horizons LHj

Horizon Representative risk factors
10 days Interest rates in major currencies, large-cap equity

prices, major FX pairs
20 days Interest rates in other currencies, small-cap equity

prices, investment-grade sovereign credit spreads, en-
ergy prices

40 days FX volatility, investment-grade corporate credit
spreads

60 days High-yield corporate credit spreads, interest-rate
volatility, other commodity prices

120 days Credit-spread and commodity volatility
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Stress — Recalibrating to a Severe Period

• The stressed calibration uses the worst 12-month window in a history reaching
back at least to 2007

• But many of today’s risk factors have no data that far back, so the stressed ES
can only be computed on a reduced set of factors

• The gap is measured on current data — the ratio of full-set to reduced-set ES
today — and the stressed figure is scaled up by it

ES = ESR,S ×max

(

ESF ,C

ESR,C
, 1

)

• F and R are the full and reduced factor sets, C and S the current and stressed
calibrations

• This is the ES that enters the next step, not a capital number
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Combine — Diversified and Undiversified ES

• Risk factors are grouped into broad risk classes — interest rate, credit spread,
equity, FX and commodity

• Correlations enter inside each ES calculation, through the joint distribution the
bank’s model produces

• Using the stressed calibration from the previous step, compute the ES two ways
• All risk factors simulated together, taking full account of diversification
• Each class simulated on its own and the results summed, so no diversification

between classes

• The capital measure, IMCC, is the average of the two, so only half the
diversification counts

IMCC = 1
2 (diversified ES + sum of per-class ES)

• Correlations rise in crises, so diversification measured in calm markets overstates
what survives a stress
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Determine Capital

latest IMCC + SES

mc× avg IMCC
+ avg SES

max + Capital

DRC
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The Backtesting Problem for ES

• VaR backtesting is straightforward — count how often losses exceed the forecast
and compare with the expected rate

• ES cannot be checked that way, since it is a conditional expectation rather than a
threshold event (Chapter 8)

• The FRTB’s solution is to backtest VaR at 99% but charge capital on ES at
97.5%
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The Alternative Route — SA Capital

SBM, correlations × 0.75

SBM, correlations × 1.00

SBM, correlations × 1.25

max + Capital

DRC RRAO

• SBM weights delta, vega and curvature sensitivities, DRC covers jump-to-default
losses, RRAO the exotics the SBM misses

• The bank never computes an ES, but the weights and correlations were calibrated
by the Committee to stressed market conditions, deliberately aligned with the
IMA — the ES is fixed in the weights rather than estimated
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Stress Testing
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Stress Testing in the Capital Framework

• Chapter 8 covered scenario design — historical, hypothetical and reverse stress
tests

• Here the question is different: where does stress testing enter regulation?

Pillar 1 stressed calibration the stressed-ES window inside the FRTB capital
formula, embedded in the calculation rather than run as a separate exercise

Internal stress tests the bank’s own scenario analysis for risk management, limits
and capital planning

Supervisory stress tests regulator-run exercises that can trigger additional capital
requirements or restrictions

• Only the last two are scenario exercises — the first is a term inside a formula
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Supervisory Stress Tests

• The regulator specifies one scenario, every large bank runs it, and the results are
published

• The scenario applied to the bank’s own positions gives projected losses, the losses
give the fall in its capital ratio over the horizon, and that fall sets the stress

capital buffer

• In the US the buffer is a binding capital requirement, and falling short restricts
dividends and buybacks

• A scenario that is common and known in advance is one banks can position
against — passing means surviving the regulator’s scenario, not surviving a crisis

• Banks pushed for the models themselves to be published and the Fed has moved
that way — the predictability they asked for is the same property that makes the
test easier to optimise against
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Model Risk
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Why model risk matters

“All models are wrong, some are useful” — George Box (1976)

• Chapter 5 introduced model risk from a statistical perspective; here we discuss the
regulatory framework

• All risk models are simplifications, they can be wrong in ways that systematically
understate risk, and they go stale as markets and products change

• The UBS case showed both kinds of failure: the 99% VaR quantile is blind to
losses beyond it — a profile characteristic of senior CDO tranches — and UBS’s
model inputs materially understated even the quantile risk

• So who checks the models, and what happens when a model is found wanting?
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The Bank’s Own Checks

• Was the model built and maintained properly?

• Judgemental, and Basel prescribes minimum standards only for the models that
produce capital numbers — a bank’s wider model risk framework is set nationally

Independent validation a separate team challenges assumptions, tests performance
and verifies implementation, and can escalate or recommend against
deployment

Model inventory all models catalogued and tiered by materiality; higher tiers
validated more often

Change control version management, and clear escalation and override governance
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The Regulator’s Checks

• Did the numbers hold up, and does the model see the risks that drive the desk?

• Numerical, with an automatic consequence — the bank computes them, the
regulator sets the thresholds

Backtesting exception counts against realised P&L

P&L attribution (PLA) risk-theoretical P&L from the regulatory model against
hypothetical P&L from full revaluation; persistent divergence means the model
is missing risk factors

• The two tests look at different things — backtesting counts tail exceptions, PLA
compares the modelled P&L with full revaluation day by day, so a model missing a
factor that moves ordinary P&L without causing tail losses passes the first and
fails the second

• Bank-wide exceptions raise the capital multiplier; persistent desk-level failure or a
PLA-red result removes IMA permission, and PLA-amber keeps it with a surcharge
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Both Are Incomplete

• Governance depends on people
• Validators must be genuinely independent, not just organisationally separate
• Documentation of assumptions and conditions of use is required but often neglected
• Large inventories make it hard to keep validation cycles on schedule

• Mechanical tests are narrow
• A sound model can fail by chance — the traffic-light calculation put about one

correct model in nine in the yellow zone each year
• A poor model can pass because the test has little power to detect it
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When the Models Are the Risk

• These controls are institution-centred — if every bank runs similar models and the
same risk measures, they react to the same signals at the same time

• That correlated behaviour is itself a source of risk — the models help generate the
outcomes they are meant to measure

• The models signal higher risk, banks sell similar positions, prices fall, and the
models signal higher risk still

• This is endogenous risk, and no amount of per-model validation addresses it
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